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SPARK PLUG 



Background of the Invention 
1- Field of the Invention 
5 This invention relates to a spark plug. 

2. Description of the Related Art 

A spark plug used for i,ni t i OB of an internal engine 
of such a 5 automobile, generally comprises a metal shell 
to which a ground electrode is fixed, an insulator made 
10 of alumina ceramics, and a center electrode which is 
disposed inside the insulator. The insulator projects 
from the rear opening of the metal shell in the axial 
direction. A terminal Mt .i fixture is inserted into the 
projecting part of the insulator and is connected to the 
15 center electrode via a conductive giass seal layer which 
i. formed by a glass sealing procedure Qr a resistor 
A high voltage is applied to ch<a terminal f 
to cause a spark over the gap betueen ^ 
and the center electrode. 
20 under some combined conditions, for example, at an 

increased spark piug temperature and an increased 
environmental humidity, it may happen ^ ^ 

applicationfailstocauseasparkovexthegap but, instead. 
* discharge called as a flashover occurs between the 
-»»n al metal rixtUre and the shell, going around 
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the projecting insulator. Primarily for the purpose of 
avoiding flashover, most of commonly used spark plugs 
have a glaze layer on the surface of the insulator. The 
glaze layer also serves to smoothen the insulator surface 
5 thereby preventing contamination and to enhance the 
chemical or mechanical strength of the insulator- 

In the case of the alumina insulator for the spark 
plug, such a glaze of lead silicate glass has 
conventionally been used where silicate glass is mixed 

10 with a relatively large amount of Pbo to lower a softening 
point. In recent years, however, with a globally 
increasing concern about environmental conservation, 
glazes containing Pb have been losing acceptance. In the 
automobile industry, for instance, where spark plugs find 

15 a huge demand, it has been a subject of study to phase 
out Pb glazes in a future, taking into consideration the 
adverse influences of wa ste sparkplugs on the environment. 
As a substitute for the conventional Pb glazes, for example, 
boro- silicate glass or alkali borosilicate glass based 

20 glazes have been proposed in JP-A-ll-433 51 or 
JP-A-11-106234 . 

On the surface of the insulator of the spark plug, 
there are formed markings composed of letters, signs or 
other images such as manufacturer names, log marks or 

25 products numbers. The markings are printed with an ink 
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mixed with a pigment on the insulator surface on which 
a glaze layer is not formed, followed by coating a glaze 
°» the marking, and baking it: In this case, the marking 
layer is se6 n through the giaze layer that is ^ 
5 transparent. For distinguishing kinds or forms, of the 
spark plugs easily, the marking layer is often forced 
by changing a color per each of the kinds or forms. 

When the marking layer i S formed under the glaze 
layer, a coloring metallic oxide composing a pig^nc in 
10 the marking layer inevitably causes reaction to a certain 
degree wish components in the glaze layer while baking 
the glaze . If an existing Pb containing type i s employed 
as the glaze layer, a tint inherent in the color ing metal 1 ic 
oxide is easily ^intained, and desired colors can be 
15 constantly obtained. „ OWever , aCcording to ^ 

inventor-s studies, it has been found that if using a 
glaze where the amount of Pb component in the glaze was 
controlled to be small like a leadless gia.e, it was 
difficult CO ad just the color in the ^ 
20 be desired tints. 

Summary of the Invention 
Accordingly it is an obiect of the invention to offer 
a spark plug enabling to stably color the marking l ayer , 

which is formed under the clazp i * v,~>. 

ne ^ lctZ <5 layer, even if the Pb 

25 amount is decreased in the glaze l 3yGr . 
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For accomplishing the above ob;ject a first 
structure of the spark plug o£ tfc , invenfcion ^ 

layer formed on a surface of an insulator and a glaze 
layer covering the raarlci . ng layftr sq ^ ^ ^ ^ 

5 can be seen through th. glaze layer, and is characterize 
in that the glaze layer contains 5 mo i* or less pb Coaponetit 
in term, of Pho, and kinds and aroounts of Mt4llic 
components contained in the »i rkinfl layer are adjusted 

xn such manners that tint or the marH^ i , 

wj. Lne marKing layer seen through 

10 the glaze layer is 3 or less in i-h„ k • v 

" lft the brightness specified 
by JIS:Z872, and 3 or less in t-H- w 

e " in the chroma specified by 

JIS:2872, otherwise 4 or i»« n, . . , 

<* or i e4>5 an the brightness as well 

as 2 or less in the chroma. 

Oesiring the .« kln , Iayer 4n particular t<> 
« in blacfc, it is important that when curving the .aar.ing 

layer through a refle c i ed white H« k r 

ea wnite light, the narking layer 

evenly aosoros the light in each wavelength ^ Qf 
— ibl. spectra such that no o Utstanding Election arises 
bv light, or speci.iea H ^ Unwth areas> ^ ievei 

20 of the whole reflected light i s lowered Ho 

o icwetea. However, if the 
►b „o«„t i„ o. kl . ck ^ l4yer ^ s ^ 

in t., M Pb0 . .«„„ IOW>ll „ t , thM pb iB - th< ^ 

».c t uit, „. t . llic oxld . s ln ^ 

•« t„. x..„ . f 1SW absorption of sptc±ci= 
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is changed, otherwise the wavelength of the light 
absorption is shifted, whereby a balance of the light 
absorption for coloring Che black is lost , and as a result, 
the marking layer deviates from the black and are easy 
5 to color an unwelcome tint . Under 5 uch condition,, when 
distinguishing kind, or types of the spark plugs by, e. g. , 
colors of markings, the distinguishing win be often 
difficult. As another realistic problem there is a case 
that tint changing in the marking layer is seen to 

10 purchasers as "unreasonable alternation in familiar 
colors in external appearance", so that an inconvenience 
occurs that products could not alw ays be quickly accepted 
•because of a resistant feeling thereto. 

Therefore, in the invention, if kiBd , and aBount , 

" of metaUic elelaent components conta . ned in mark . ng 

layer are adjusted in such manners that the tint of the 
irking lay * r seen through fch# ^ ^ ^ 

being 5 mol% or smaller is 3 or les- in x • ^ 

or lesg in the brightness 

Specified by JIS:28721 (1993) =>„h ^ i 

* <i993) and 3 or less in the chroma, 

20 otherwise « 0r less in ^ brightness ^ ^ ^ ^ ^ 

less in the chroma. and even if the glaZe layer of ^ 
low Pb amount is as meatione<i abovc> externally 
colors of the marking i ayer formed ^ ^ ^ ^ 
can be constantly recognized as the black. 

2 ° In the present specificari rt n 

^ciucaaon, a measuring method 
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of measuring the bright*.,, and the chroma adopts the 
method specif ied in "4.3a Measuring Method of Reflated 
Ob jects - of -4. Spectra! Colorimetry" ih the "a Measuring 
Method of Colors" of JIs- Z8 7 22 (1994) . The brightness 
5 and the chroma can be kn0 w n comparing th e result o£ 
" a5Urin9 the brl « htn «» «<» chroma by the above me thod 
with those of standard color chart prepared according 
to JIS-Z8721. 

A* a simple method, the brightness and the chroma 
10 can be Known through visual co*p arison5 witn standard 
color chart prepared according to Jis-«721. 

The adjustment of the kind or the amount of the 
metallic element components contained in the marking layer 
-V be performed in accordance with, for example, the 

15 following technical concect wk=- 

v-vucept. What contributes to 
coloring in the markirig layer ^ ^^^^ ^ 

° f tranSiti ^ -tallic cations (e . 11#d as .- coloring 

metallic component" hereaftsri ^ QC> , 

nereatter) ready for causing light 

absorption by electron transition, and it is asSuiaed that 
*» a f inal coloring of the roarking iayer ^ ro ^ hiy 

spectra observed a, overlapping OI light absorption 
d6tiVed CCOm ° f "^"c cations, in other words 

« recognised as mixed condition of colors derived from 
•ach of the contained coloring Mt.Uie components. lt 
25 has been foUhd that when ^ ^ component ^ 
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the gla2e layer goes down, as a result of the inventor's 
invesCigation, specific coloring metallic components 
such as Cr are easy to make Changes in appearing colors 
(called as "ready discoloring metallic component" 
5 hereafter) owing to reaction with the glaze layer reducing 
the Pb amount. In this case, if the ready discoloring 
metallic compound is too much, only colors of hues after 
changing by the ready discoloring metallic compounds 
become incense, and as a whole, this fact results in 

10 intensity of deviation of the tint from the black. It 
is therefore possible to moderate influences in the tint 
changing by the ready discoloring metallic component if 
relatively decreasing the amount of the ready discoloring 
metallic component accompanied with curtailment of the 

16 Pb amount in the glaze. On the other hand, if ant. icipaf ing 
what is a hue after changing of the ready discoloring 
metallic component brought about by said curtailment/ 
it is possible to approach to the black the tint as the 
whole of the marking layer by compounding, as a blackening 

20 adjustment component, the coloring metallic component 
presenting a hue having a large difference from said hue 
and hue circles (for example, complementary colors) . 

When adjusting the composition of the marking layer 
in accordance with the above mentioned technical concept, 

25 attention should be paid to the following points. That 
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is, even in a case of Che same transition metallic cation, 
some differences arise in the spectra of light absorption 
according to the state of its valency electron. For 
example, the colors of the transition metallic cation 
5 may variously change according to the change of its valency 
electron state causing by the mutual action between the 
transitional metallic cation and the ions situated 
surrounding the transition metallic cations, 
temperatures or atmosphere or baking the gLaze, Such 
10 phenomena might occur, of course, in the case that other 
transition metallic cations are situared surrounding the 
transition metallic cation being the subject of high 
absorption, and also in the case that the cations of typical 
metals such as Al or Zn are situated surrounding the 
15 transitional metallic cation. In addition, the cation 
of the typical metal as the latter sometimes performs 
as a coloring auxiliary component for the coloring 
adjustment or stabilization. 

For distinguishing the tint of the marking layer 
20 as the "Black", a measured value of the chroma of the 
marking layer should be 3 or lower as an absolute value. 
Because, if the chroma exceeds 3, it is not easy to erase 
an impression that themarking layer is apparently colored 
at seeing an external appearance thereof, irrespective 
26 of brightness, and such coloring is heterogeneous from 
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the black. Being over 4, temporarily evexi if the 
brightness is very small, the tint is near gray, starting 
to present an external appearance heterogeneous from the 
black. As far as being in a range where the brightness 
is 3 or lower, it may be distinguished as substantially 
the black until the chroma is around 3, but when the 
brightness exceeds 3, a coloring is easily sensed to the 
-naked eye by a brightening amount, and therefore with 
respect to the range where the brightness is 3 tg 4 , the 
chroma should be restrained to be 2 or lower. 

That the chroma shows not zero but finite values, 
does not always mean that the "Black" pure in an optical 
significance is realized, However, if it cannot be 
confirmed that the chroma presents a tint deviating from 
the black so far as paying not so much attention, it is 
difficult to assume that the distinction of kinds by the 
marking tint is impossible or the tints exceedingly come 
off„from the imaging tints of purchasers. Accordingly, 
in the object of the invention, tints belonging to ranges 
of the brightness and the chroma as mentioned above could 
be regarded as the "Slack". 

What the tint of the marking is seen does not depend 
only on absolute values of the brightness or the chroma, 
but often depend on a case that an apparent tint is 
relatively influenced by colors of backgrounds. For 
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example, in case an insulator to be a substrate is formed 
with a white alumina based ceramic and the gla2e is finished 
nearly to be colorless transparent, the background of 
the marking will present a white. In such a case, if the 
5 tint of the marking lay.er is mixed with components having 
colors far off from the black, it is ready for outstanding 
contrast with the white background- Tor instance, if the 
color of the background is white and the like, the 
brightness and the chroma of the marking layer may be 

10 sufficient with said range, but tor heightening 
distinguishability as the "Black", it is desirable that 
the brightness as well as the chroma are to be 2 or less. 
That the color of the background is white and the like 
denotes in the present description that the chroma is 

15 1 or lower and the brightness is 3 or higher. 

The glaze layer of the small Pb amount is sometimes 
contained with 2n for securing fluidity when baking the 
glaze. As many of the coloring metallic components in 
the marking layer are easy to change color? presented 

20 by reaction with Zn component, when the glaze layer has 
Zn component, the ef feet of the invention is more exhibited 
The amount of Zn component in the glaze layer may be 
selected in the range of l to 25 mol% in terms of, e.g., 
2nO. Being less than 1 molt, coefficient of thermal 

25 expansion of the glaze layer is -coo large, and defect, 
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as crazing easily occur. Zn component works to lower a 
softening point of the glaze, and if it runs short, the 
bakingof the glaze is difficult . On the other hand, being 
more than 25 mol%, the glaze layer is apt to be opaque 
5 owing todevitrification. In the latter case, there arise 
problems that it is difficult to visually recognize the 
marking layer in the substrate, or the apparent tint of 
the marking layer becomes gray and easily comes off from 
the black. 

When the marking layer is colored with the black, 
it is desirable to select one kind or more of Fe, Cr, 
Co and Mn as the metallic element components to be contained. 
Among them, Fe and Mn can, even if bslng singly used/ 
show a tint near the black, and can be effectively used 
15 as a base of black group coloring metallic components. 
Fe and Mn may be used in single or in combination. 

If only using one of Fe or Mn, the tint probably 
falls within a brown group (a red is mixcd as a hue)< 
or „ ia ke S the color irregular depending on the glaze 
20 composition, and it win be sometimes dif f icult to realize 
an even and stable black tint. Especially in a case of 
using Mn, easily tinged with a red group, the tint of 
the whole marking layer is ready for being the brown group . 
Tn this case, if compounding one or both of Cr component 
2* and Co component as blackening adjustment component*, 



11 



SEP 10 2004 12:19 PM FR 



TO 1 1 30384089456858 P. 13 

) 



10 



25 



20 



26 



the tint of th« m ar)ci„ g x . y „ to be obtained is easily 
justed to be black. This effect . s part . cularly 

when eo-binin, Fe component and Cr component . For e^ pl „ 
"hen the tint of Fe CQQponent contains r ^ ^ oup 

co.pon.nt and the CQlor comes out> sitice ^ ^^^^ 

tren ds to preset a green group , it a-y be ^ 
the v iewpoLnt of phenomena that iafcter 5Q ^ es ^ ^ 

blacking a djustoe „t component and easily real±ze ^ 
black group colors, 

Cr co.pon.nt is easy to changft ^ t ^ ^.^ 
*h. glaze coaposirion of a Smali Pb alnount/ ^ ^ 
Particular when using th . gla2e containing ^ ^ 
co.pone.t eas ily shows a tint containing & ^ ^ ^ 
brown group. Therefere , for S(lppressing ^ ^ ^ ^ 

gr ° UP d ^ iVed f — * * is Parable that the „ rkiag 
layer i5 composed such that Fe COIDponent 3Q ^ ^ 
- t erms of Fe20a and cr compQnent ^ iq ^ 4Q ^ ^ 

terms of Cr 20j for realizing tne „ tab . „ . 

"y une -table and even black 
as the tint of the marking layer. 

A second structure of the soar* „i. 

" e spark plug according to 

the invention has the markina lav»r r 

ng layer formed on the surface 

of the insulator and the ai,,., i 

a the glaze layer covering the marking 

layer so that the marking l ay<? r ran ho 

y ayt-r <.an be seen through the 

glaze layer, and 

i* characters in that the gla2e layer 
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Pb component 5 mol% or less in t6 r, s of Pb0 and Zn , ZQ 
25 mol% in terms of ZnO, and 

the marking layer contains Fe component 30 to 60 

" SSS ^ termS ° f F ~°>' ™« Cr component 10 to 40 roass , 

5 in terms of Cr20$. 

If Pe component is less than 30 ,„, % , it raight be 
difficult to colo c th e aarlcing layer to be a biac)£ 
On che other . hand , being ffiQre 6q roass ^ a 

tor containing the blacXening adjusCment COnlponent ^ 
10 mad e small , and it i3 difficult Cq proyide th<; constant 

and uniform blArt t ^ 

» tolack. m a case of substituting Mn for Fe, 

a tendency is almost the same ah H 

samo, and when using Mn in single 

- in combination witb F<3 , a total amoun£ ±> desirabiy 
30 to 60 mass6 . If ct component is lfiss iq ^ 

» an e ffect of cr compCnent ^ ^ blackening adjustment 

- insufficient, and it is „ lfeieuIt to provide ^ 
constant and uniform bl ack . Being mors ^ 4o 

the tint of the whole Ming layer ^ ^ 

bl.Oc (eoe exaiople , che marking iayer ^ tin ^ ^ ^ 

*0 red group color and falls vihin th. 

ftln th « brown group), and 
in «.„ the „„„,,„.. and ch „ , htw m casiiy ^ 

Cr component 10 to 25 mas-fc i „ 

mas ^ m terms of Cr^o^. 

The marking layer can t- - 

y yer can contain Co component 10 to 

20 ^0 mas.$3 i n terms of CoO This rrim 

Thx* component trends to color 
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a blue group of the. tint far-off from the red, and when 
using Fe or Mn as the black group coloring metallic 
component. Co component usefully works as the blackening 
adjustment component under a condition where the red group 
5 color is easy tomix. Being less than 10 aassi, che effect 
will be insufficient, and the tint of the whole marking 
layer deviates from the black. 

When the red group hue is easily developed owing 
to a reaction of the Cr component and 2n component:, if 
10 Co component is added to supplement blue group colors, 
the tint of the whole marking layer can be brought more 
nearly to the black. m this case , it is desirable that 
Cr component and Co component are contained 10 to 40 mass* 
in total. 

15 The marking layer can further contain Ni component 

0.5 to 15 mass* m terms of Ni*o 3 . Ni component also 
usefully works as the blackening adjustment component, 
and for example, when Zn is contained in the glaze layer, 
Ni component shows a coloring effect of the blue groUp 

20 owing to the reaction with Zn, and a coloring adjustment 
effect S imii ar to Co can be expected . But being less than 
0.5 mass%, the effect will be insufficient, and 
being more than IS masst, the tint of the whole marking 
layer deviates from the black. 

25 m addition, the marking layer can contain at least 
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one of Al component and Ba component O.S to IS mass* in 
total in terms of Alz0 , or BaO. These components are 
effects £or accelerating colors of otner coloring 
metallic components contained in the marking l ayer . But 
5 *eingl M .th«0.S..8,% # the effect wi 11 oe insufficient , 
and being m ore than 15 an ef£ect ^ ^ ^ 

cannot be ejected, and the whole anount of the coloring 
metallic components relatively decrease, so that it will 
be difficult to color the marking layer ir) an enough 
10 darkness. 

incidentally, aiding at the coloring adjustment, 

the coloring acceleration, or hha h~ 

uon ' or the h omogenization and 

stabilization of coiors other than th. above mentioned 
effects, the irking layer can contain one kind or more 
« of v, Sn , 2n , Ti , ZVf Na/ Mg/ ^ ^ ^ ^ wUhin ^ 

range of s w « in terms of v,o„ SnO„ 2no , xio„ ZrO>, 
N3 '°' Mg0 ' Si0 >' K '° and Cao, respectively. 

Thickness of the marking la yer is preferably l to 

io u*. Being less than t pm/ the coiQr Qf t ^ substrate 

20 easily ap pears , and the tint of the marking iayer comes 
ott fro, the b lac, on the other hand/ being th3n 
10 m , lt r egularities derlvcd from ^^^^ 

outstanding in the insulator surface to SSni , «. h 

Udce Zo spoil the external 

appearance . 

" Brief Description of the Drawings 



IS 



SEP 10 2004 12:20 PM FR 



TO 1 1 3038408945685* P. 17 



Fig. 1 is a whole front and cross sectional view 
showing one example of the spark plug according to the 
invention . 

Tig. 2 is a front view showing an external appearance 
6 of in insulator together with the glare layer. 

Fig- 3 is an explanatory view of a forming process 
of the printed layer. 

Fig. 4 is an explanatory view of a forming process 
of the coated layer of the glaze slurry. 

l° Fig. 5 is an explanatory view of the glass sealing 

process . 

Fig. 6 is an explanatory view continued from Fig. 

5. 

TKe reference num e r als used in the drawings are shown 

15 below. 

1: Metal shell 

2 : Insulator 

2d: Glaze layer 

2m; Marking layer 
20 3: Center electrode 

4; Ground electrode. 

Detailed Description of the Invention 

Modes for carrying out the invention will be 
explained with reference to the accompanying drawings. 
*5 Fig. 1 3hows an example of the spark ^ 
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structure according to the invention. The spark plug 100 
has a cylindrical metal shell l, an insulator 2 fitted 
in the inside of the metal shell 1 wit h its tip 21 projecting 
from the front end of the metal shell i , a center electrode 
5 3 disposed inside the insulator 2 with its ignition part 
31 formed at the tip thereof, and a ground electrode 4 
with its one end welded to the metal shell 1 and the other 
end bent inward such that a side of this end may face 
the tip of the center electrode 3. The ground electrode 

10 4 has an ignition part 32 which faces the ignition part 
31 to make a spark gap 2 betw een the f aciRg ignition parts 

The metal shell 1 i £ f ormed to be cylindrical of 
such as a low carbon steel. It has a thread 7 therearound 
for screwing the spark plug 100 into an engine biock (not 

15 shown, . Symhol Ie is a hexagonal nut portion OVer which 

a tool such as a spanner or wrench fits to fasten the 
metal shell 1. 

The insulator 2 has a through-hole 6 penetrating 
in the axial direction. A terminal fixture 13 is fixed 

20 in one end of the through-hole 6. and the center el.ctrode 
3 is fixed in the other end. A resistor IS is disposed 
in the through-hole 6 between the terminal metal fixture 
13 and the center electrode 3. The resistor 15 is 
connected at both ends thereof to che center electrode 

25 3 and the terminal metal fixture 13 via the conductive 
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glass seal layers 16 and 17, respectively. The resistor 
15 and the conductive glass seal layers 16, 17 constitute 
the conductive sintered body. The resistor 15 i, formed 
by heating and pressing a mixed powder of the glass j> owder 
5 and the conductive material powder (and, if desired, 
ceramic powder other than the glass, in a later mentioned 
glass sealing ste p. The resistor 15 may be omitted, and 
the terminal metal fixture 13 and the center electrode 
3 may be directly connected v ia one seal layer of the 
10 conductive glass seal. 

The insulator 2 has the through-hole 6 in its axial 
direction for fitting the center electrode 3 , and is formed 
as a whole with an insulating material as follows. That 
is, the insulating material i 5 mainly composed of an 
16 alumina ceramic sintered body having an A1 content of 
85 to 98 mass* (preferably 90 to 98 mass*) m terms of 



Al*03 . 



The specific component* other than Al are 
exemplified as follows. 

20 Si component: 1 . 50 to S 00 maoc* <n 

z>.vv mass? xn terms of SiO* 

Ca component: 1.20 to 400 ma<?<;* i ^ *- 

svu mass-u in terms of CaO 

Mg component: O.OS to 0.17 mac;*?. ih „• 

v.x/ masst in terms of MgO 

Ba component: 0,15 to 0 50 : „ „ 

^ v.ou mass-o in terms of BaO 



and 

25 



B component: o.is to 0 . so in t „ M of ^ 
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Fig. 2 shows the insulator 2 only. The insulator 
2 has a projection 2e projecting outwardly, e.g., 
flange-like on its periphery at the middle part in the 
axial direction, a rear portion 2b whose outer diameter 
5 is smaller than the projecting portion 2e, a first front 
portion 2g in front of the projecting portion 2e, whose 
outer diameter is smaller than the projecting portion 
2e, and a second front portion 2i in front of the first 
front portion 2g, whose outer diameter is smaller than 

10 the first front portion 2g . The rear end part of the rear 
portion 2b has its periphery corrugated to form 
corrugations 2c. The first front portion 2g is almost 
cylindrical, while the second front portion 2i is tapered 
toward the tip 21. 

1.5 Turning back to Fig. 1, the center electrode 3 has 

a smaller diameter than that of the resistor 15. The 
through-hole 6 of the insulator 2 is divided into a first 
portion 6a ( front portion) having a circular cross s ection 
in which the center electrode 3 is fitted and a second 

20 portion 6b (rear portion) having a circular cross section 
with a larger diameter than that of the first portion 
6a. The terminal metal fixture 13 and the resistor 15 
are disposed in the second portion 6b, and the center 
electrode 3 is inserted in the first portion 6a. Tho 

25 center electrode 3 has an outward projection 3c around 
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its periphery near the rear end thereof, with which it 
is fixed to the electrode . A first portion 6a and a second 
portion 6b of Che through-hole 6 are connected each other 
in the first front portion 2g, and at the connecting part, 
5 a projection receiving face 6c is tapered or rounded for 
receiving the projection 3c for fixing the center 
electrode 3 . 

The first front portion 2g and the second front 
portion 2i of the insulator 2 connect at a connecting 

10 part 2h, where a level difference is formed on the outer 
surface of the insulator 2. The metal shell 1 has a 
projection lc on its inner wall, at the position meeting 
tho connecting part 2h so that the connecting part 2h 
fits the projection lc via a gasket ring 63 thereby to 

15 prevent slipping in the axial direction. A gasket ring 
62 is disposed between the inner wall of the metal shell 
1 and the outer side of the insulator 2 at the rear of 
the flange-like projecting portion 2e, and a gasket ring 
60 is provided in the rear of the gasket ring 62. The 

20 space between the two gaskets 60 and 62 is filled with 
a filler 61 such as talc. The insulator 2 is inserted 
inno che metal shell l toward the front end thereof, and 
under this condition, the rear opening edge of the metal 
shell lis pressed inward the gasket 60 to form a sealing 

26 lip Id, and the metal sh^l.l l i* secured Co the insulator 
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2 . 

As shown in Fig. 2, the glaze layer 2d is formed 
onthe outer surfaceof the insulator 2 , more specifically, 
on the outer peripheral surface of the rear portion 2b 

5 inclusive of the corrugated part 2c- As shown in Fig, 
1, the glaze layer 2d formed on the rear portion 2b extends 
in the front direction farther from the rear end of the 
metal shell 1 to a predetermined length, while the rear 
side extends till the rear end edge of the rear portion 

ao 2b. 

The glaze layer 2d contains, for example, Zn 1 to 
25. mol$ in terms of Zno and Pb 5 moll or lower in terms 
of PbO, e.g., 1 mol%- On the other hand, the insulator 
2 of the main body part 2b is formed on the surface with 
15 the marking layer 2m, which is covered with the glaze 
layer 2d so that the marking layer 2m can been seen through 
the glaze layer 2d- The marking layer 2m is composed of 
a main oxide of the metallic component being cation as 
explained in the Summary of the Invention. The kinds and 

20 amounts of the metallic element components contained in 
the marking layer are adjusted in such manners that the 
tint of the marking layer 2m seen through the glaze layer 
2m is 3 or less in the brightness specified by JIS:28~721, 
and 3 or less in th«* chroma, otherwise 4 or less in the 

25 brightness as well as 2 or less in the chroma. 
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Specifically, the components of Fe, Mn, Cr, Co, Al or 
Ba are contained in the above mentioned composition range, 
and the thickness is around 1 to 10 um. 

The glaze layer 2d may employ such substances which 
5 contain 35 to 80 mol% a first component comprising Si 
component of 5 to 60 moH in terms of SiOi and £ component 
of 3 to 50 mol% and a second component comprising at least 
any one of zn in terms of ZnO and alkaline earth metal 
component R (R is one or two kinds or more selected from 
10 Ca/ Sr and Ba) in terms of RO/ and the total amount of 
the first component and the second component is 65 to 
96 moll, and the alkaline metal component is one or two 
kinds or more of Ma in terms of Na20, K in terms of K2O 
and Li in terms of LiaO 2 to 15 molt in total * A thickness 
15 of the glaze layer 2d is, e.g., 1 to ISO pm, desirably 
1.0 to 50 um. In particular, the thickness tg (average 
value) of the glaze layer 2d on the outer circumference 
of the base of the rear portion 2b (the cylindrical and 
non-corrugated outer circumference part 2c projecting 
20 downward from the metal shell 1) is V to 50 um - 

If Si in the glaze layer 2d i 5 less than 5 mol%, 
the vitrification is difficult and the formation of the 
even glaze layer 2d is impossible. In contrast, being 
more than 60 moH, coefficient of linear expansion of 
25 the gla^e is too small, and defects such as cracking or 



22 



SEP 10 2004 12:23 PM FR 



) 



TO 1 1 30384089456858 P . 24 



gla:e splashing are easy to occur in the glaze layer 2d. 
The softening point of the glaze goes up exceedingly, 
resulting in lowering of the fluidity when baking the 
3la2* to invite poor melting of the glaze. For settling 
5 this problem, if heightening temperature of baking the 
glaze, reaction between the glaze layer 2d and the marking 
layer 2m is intensive, and it might be difficult to make 
the marking layer 2m the desired black- 

The amount of B component is determined to be 3 to 
10 50 mol$ in terms of B*Oa. Being less than 3 mol%, the 
softening point of the glaze goes up, and the gla2e baking 
is difficult or impossible. For settling this problem, 
if heightening temperature of baking the glaze, the 
reaction between the glaze layer 2d and the marking layer 
15 2m is intensive, and it might be difficult to make the 
marking layer 2m the desired black. 

On the other hand, being more than 50 moU , stability 
of a glaze slurry for forming the glaze layer 2d is 
insufficient/ and there occur problems- such as 
20 devitrification of the glaze layer 2d, reduction of 
insularity or maladjustment in coefficient of linear 
expansion with the substrate. 

If the total amount of the second component composed 
of Zn component and/or alkaline earth metal component 
25 R is less than S mol^, the softening point of the glaze 
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increases and the glaze baking at desired temperature 
might be impossible. The insularity of the glaze layer 
2d will be insufficient, and anti flashover property is 
probably spoiled. If the total amount of the second 
5 component exceeds 60 mol%, the softening point of the 
glaze increases and' the glaze baking at desired 
temperature might be impossible. Further, coefficient 
of linear expansion of the glaze is too large, and 
consequently defects such as crazing easily occur. As 
10 to the total amount of the first and second components, 
if exceeding 98 molt/ the softening point of the glaze 
increases, and the glaze baking is impossible* Being less 
than 60 mol$, compatibility between the insularity and 
the softening point as well as the adjustment of linear 
15 expansion coefficient is difficult. The total amount is 
desirably 70 to 95 moU. Alkaline metal component in the 
glaze works to lower the softening point of the glaze. 
If the amount thereof is less than 2 molti/ the softening 
point ,goes up and Lhe glaze baking will be impossible. 
20 Being more than 15 molfc, the insularity of the glaze is 
decreased, andanti f la shove r proper ty is probably spoiled 
Thus, the arnount of alkaline metal component is desirably 
3 Lo 10 mol% . 

As to alkaline metal component, two kinds selected 
25 from Na f K, Li are added more effectively tot controlling 
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reduction of the insularity of the glaz,e layer 2d Chan 
one kind is added in single. As a result, the amount of 
alkaline metal component can be increased without so much 
deterioration in the insularity, and consequently it is 
6 possible to concurrently accomplish the two objects of 
securing the ant i- flashover property and lower the glaze 
baking temperature - By the way, it is possible to compound 
other alkaline metal components than a third component 
and subsequent components in ranges of not spoiling the 
10 effect of controlling conductivity by co-addition of 
alkaline metal component - 

The containing amounts of the respective components 
in the marking layer 2m and the glaze layer 2d formed 
on the insulator 2 can be identified by use of known 
15 micro-analyzing methods such as EPMA (electronic, probe 
micro-analysis) or XPS (X-ray photoelec tron 
spectroscopy) . For example, if using EPMA, either of a 
wavelength dispersion system and an energy dispersion 
system is sufficient for measuring characteristic X-ray. 
20 Further, there is a method where the glaze layer is peeled 
from the insulator and is subjected to a chemical analysis 
or a gas analysis for identifying the composition. 

The softening point of the glaze layer 2d is 
preferably adjusted to range, e.g. / 700°Cor lower. When 
25 the softening point is higher than 700°C, the reaction 
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between the glaze layer 2d and the marking layer 2m easily 
progresses, and the marking i ayer 2m rulls or discolors . 
With respect to the softening point o£ the glaze, for 
example, a differential thermal analysis is carried -out 
5 while peeling the glaze layer 2d from the insulator 2 
and heating it, and a temperature of a peak U second 
endothermic peak) appearing next to a first endothermic 
peak showing a bowing point is deterged to be the 
softening point. Further, as to the softening poinf of 
10 the glaze lay er 2d £ormed in ^ mM ^ % q£ ^ 

2, the amounts of the respective components in the gla ze 
layer 2d are respectively analyzed to calculate 
compositions in terms of oxides, and oxide raw materials 
of respectiv. oxidized element components compounded, 
15 melted, and rapidly cooled to produce g l ass samples, and 
with the softening point of the glass „ mple , th . sof tening 
point of the formed glaze layer 2d ma y be assumed. 

The ground electrode 4 and the core 3 a of the center 
electrode are *ade of a Ni alloy. Xgnition parts 31 , 32 
20 „ inly wade o£ noble lnetal Qf o ^ ^ ^ 

or more of i r , Pt and Rh being ^.^ ^ ^ ^ 

as welding. The core 3a of the center 3 i s buried inside 
with a core 3b composed of cu or Cu alloy for accelerating 

heat dissipation. At loa^t- 

At ieast on « of the ignition part 31 • 

25 and the opposite ignition part 22 may be omitted. 
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The.spark plug 100 can be produced as follows. In 
preparing the insulator 2, an alumina powder is mixed 
with raw material powders of a Si component, Ca component, 
Mg component, Ba component, and B component in such a 
5 mixing ratio as to give the aforementioned composition 
after sintering, and the mixed powder is mixed with a 
prescribed amount of a binder (e.g., PVA) and a water 
to prepare a slurry. The raw material powders include, 
for example, SiO* powder as the Si component, CaCOs powder 

10 as the Ca component, MgO powder as the Mg component, BaCO.. 
as the Ba component, and HaPO* as to Che B component. HaBOs 
may be added in the form of a solution. 

A slurry is spray-dried into granules for forming 
a base, and the base forming granules are rubber-pressed 

15 into a pressed body a prototype of the insulator. The 
formed body is processed on an outer side by grinding 
to the contour of the insulator 2 shown in Fig . 2 , and 
bhen baked 1400 to 1600*c to obtain the insulator 2. 

As seen in Fig. 3, on an outer periphery of the main 

20 body 2b of the insulator 2, a printed layer 2m' is formed 
for providing the marking layer. As a printing in*, such 
substances are available that raw material of oxide powder 
containing coloring metallic component such as a pigment 
is compounded with a solvent and an organic binder or 

25 a viscosity adjusting agent. This ink is used to print 
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desired patterns on the surface of the insulator 2 prior 
to forming the glaze layer 2d. Average diameter of the 
raw material oxide powder is preferable, for example, 
0-3 to 2.0 pin. Being less than 0.3 pm, the pigment 
5 component to the gla2e layer is apt to disperse to cause 
the color to run. Being more than 2 um, the viscosity 
of the ink is too high, and the coated thickness of the 
printed layer 2m becomes irregular. 

Next, the glaz.e slurry is prepared as follows. Raw 

10 material powders as sources of Si, B, Zn, Ba, and alkaline 
components (Na, K, Li) (for example, SiO* powder for the 
Si component, H3PO3 powder for the B component, ZnO powder 
for the 2n component, BsCO^ powder for the Ba component, 
Na 2 COs powder for the Na component, K2CO3 powder for the 

15 K component, and LijCOs powder for the Li component) are 
mixed for obtaining a predetermined* composition. The 
mixed powder is heated and. melted 1000 to 1500°c, and 
thrown into the water to rapidly cool for vitrification, " 
followed by grinding to prepare a glaze fritz. The glaze 

20 fritz is mixed with appropriate amounts of clay mineral, 
. such as kaolin or gairome clay, and organic binder, and 
the water is added thereto to prepare the glaze slurry. 

As shown in Fig. 4, the glaze slurry 5 is sprayed 
froma nozzle N to coat a requisite surface of the insul.atoi: 

2S 2, thereby to form <* coated layer 2d' of the glaze slurry 
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as the piled layer of the glaze powder. The previously 
formed printed layer 2m is covered with a coated layer 
2d* of the glaze slurry. 

The center electrode 3 and tlie terminal metal fixture 
5 13 are fitted in the insulator 2 formed with the glaze 
slurry coated layer 2d' as well as the resistor 15 and 
the electrically conductive glass seal layers 16, 17 are 
formed as follows . As shown in Fig . 5A, the center 
electrode 3 is inserted into the first portion 6a of the 

10 through-hole 6. a conductive glass powder H is filled 
as shown in Fig. 5B. The powder H is, as shown in Fig. 
5c, preliminarily compressed by pressing a press bar 28 
into the through-hole 6 to form a first conductive glass 
powder layer 26. a raw material powder for a resistor 

15 composition is filled and preliminary compressed in the 
same manner, so that, 35 shown in Fig, 5D, the first 
conductive glass powder 26, the resistor composition 
powder layer 25 and a second conductive glass powder layer 
21 are laminated from the center electrode 3 (lower side) 

20 into the through-hole 6. 

An assembled structure PA is formed where the 
terminal metal fixture 13 is disposed from the upper part 
into the through-hole 6 as shown in Fig, 6A. The assembled 
structure pa is put into a heating oven and heated at 

*5 a predetermined temperature of 800 to 950°C being above 
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the glass softening pointy and then the terminal metal 
fixture 13 is pressed into the through-hole 6 from * side 
opposite to the center electrode 3 so as to press the 
superposed layers 2 5 to 27 in the axial direct ion . Thereby, 
5 as seen in rig. 6B, the layers are each compressed and 
sintered to become a conductive glass seal layer 16, a 
resistor IS, and a conductive glass seal layer 17 (the 
above is the glass sealing step) . 

If the softening point of the glaze frit contained 
10 in the glaze slurry coated layer 2d' is set to be 600 
to 700°C the layer 2d' can be baked, at the same time 
as the heating in the above glass sealing step, into the 
glazelayer2d. Sincethe heating temperature oftheglass 
sealing step is selected from the relatively low 
15 temperature of 800 to 950*C, oxidation to surfaces of 
the center electrode 3 and the terminal metal fixture 
13 can be made less. Accompanied with the glaze baking 
of the glaze slurry coated layer 2d', the printed layer 
2m 1 (Fig. 3) is also sintered to turn out the marking 
20 layer 2m. The solvent or the organic component in the 
printed layer 2m * are burnt and expel led . The glaze s 1 ur ry 
coated layer 2d* is melted together with the glaze baking 
and becomes the transparent and vitreous (glassy) glaze 
layer 2d so that the downside marking layer 2m can be 
25 seen through the glaze layer. IJf adjusting the 
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composition of the marking layer 2m as mentioned above, / 

the reaction taking place in relation with the glaze layer ' 
2d of the low Pb amount and relatively high Zn component 

is restrained, and the external appearance of the marking ' K * 

5 layer 2m can be stably recogni2ed as the black. -W-. 

■ • ! - 

After the glass sealing step, the metal shell 1, : ■ CO 
the ground electrode 4 and others are fitted on the 

structure PA to complete spark plug 100 shown in Fig. '•■)/;'<■. 

1. The spark plug 100 is screwed into an engine block • 

X0 using the thread 7 thereof and used as a spark source ■ ]\ ';' 

to ignite an air/fuel mixture supplied to a combustion |: .-• 

chamber. !:•■.:. 

For confirmation of the effects according to the : f-V- 
invention, the following experiments were carried out. 

15 (Experiment 1) . 

The insulator 2 was made a 5 fo 1 lows . Alumina powder • 

(alumina content: 95 massfc; Na content (as NazO) : 0.1 . 

mass%; average particle size: 3.0 gm) was mixed at a ^ 

predetermined mixing ratio with SiOz (purity: 99.5%; v;f,-. 

20 average particle size: 1.5 um) , CaC03 (purity: 99.9%; :* 

average particle size; 2.0 um) , MgO (purity: 99. 5%; J' ! 

' r 

average particle size : 2 urn) BacO:* (purity: 99. 5S; average . Mv ■ 

particle size: 1.5 pm) , HaBOa (purity: 99.0%; average 

particle size 1.5 urn), and ZnO (purity; 99.5fc, average ! ' - 

25 particle size ; 2.0 pm) . To loo mass par Cs of the resulting : t , 

i 
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mi*ed powder were added 3 mass parts of PVAas a hydrophilic 
binder and 103 mass parts of water, and the fixture w as 
kneaded to prepare a slurry. 

The r es m ting slurry w a5 spray-dried into spheric*! 
5 granule, which were sieved to obtain fraction of 50 to 
100 pHl . The granules were formed under a pressure of 50 
MPa by a rubber-pressing met hod. The outer surface of 
the formed body was machined with the grinder into a 
predetermined figure and baked at ISSO'c to obtain the 
10 insulator 2. The X-ray fluorescence analysis revealed 
that the insulator 2 h*d the following Composition. 

Al component (as AI2O3) : 94.9 mass%; 

Si component < as si02) : 2.4 ma S5 4; 

Ca component (as CaO) : 1.9 mass%; 
IS Mg component (as Mgo) : 0 . l mass%; 

B a component (as SaO) : 0.4 ma ss%; and 

B component (as B2O3): 0.3 mass*;. 

Next, the glaze slurry wasprooarcdas follows. sio 2 
pow der ( Puri ty: 99.5%, , Al.Opowder (purity: 99. 5 », , H., B 0, 

*0 powder (purity: 98.5%,, Na.CO, powder (purity: 

K.CO. powder (purity: 99t). Li 2 CO> powder (purity: 99%). 
BaSO, powder (purity: 9».S»), Srco, powder (purity: 99S>, 
ZnO powder (purity: 99. S%>, Mo o 3 powder (purity: 99i>. 
CaO powder (pur i ty : 9 9 . 5% , , T i0 2 powder (purity: 59.5%), 

« 2rO* powder (purity: 99.5%), Hr0l powd<s , (puri1 . ys 99%) , 
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15 



20 



MgO powder (purity: 99.5%), and 
^bO powder (puritv* qqai 

melted 1000 to 1500-C, and the melt w»- 

e tnelt wa s poured into the 

water and rapidiy ^ ^ 

binding in an aluraina poz miii ^ ^ ^ so ^ 

smali er to produce the g. laae frit , 

9 e frit. 3 nasa parts Qf ^ 

Zealand kaolin as clay mineral and ■> 

raA and 2 mass parts of pva 
*s an organic binder were mixed inr« 

, lXed lnto 100 «*ss Parts of 

the gl aze frit, and the mixture was v» eM . H . 

*e wao kneaded with 100 mass 

parts of the water to r.i-=^. 

, % PreP " e tWo ki » ds of the glaz e slurry 

The glaze samples soliM-t f,* • 

S ° ildlfled ln -ra used to analyze 

the chemical composition -of the ff i fl 

the glaze. The analyzed 

results are as follows 
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(The glaze Composition i) 
SiO;: 28.5 moU 

BzOa: 2 6.5 mo i % 

2n0: 15,8 mol% 

BaO: 5.5 molS 

NazO: 2.2 moU 

Ka °: 5.4 moU 

LizO: 3,0 moH 
Al£0 3 ; 2.4 molS 
Mc>0 3 : 0.5 moU 
2r 02: 1.2 mo 1% 
H <3°: 1.1 moU 
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TiO?: 0.7 molS 
CaO: 3.3. molS 
(The glaze composition 2) 
SiO* : 29 . 5 rool% 
6 BzOs: 30.1 juoIS 

2nO; 13 moU 
BaO: 3 mol* 
SrO: 2-2 mol* 
NazO: 1.4 molt 
10 *<*0: 5.1 moU 

Li*0: 3.0 molS 
AI2O2: 1.5 mol% 
MoOi: 0.5 iuoU 
ZrO*: 1 .2 molfc 
2 * MgO: 3.3 moU 

PbO: 6.2 mol% * 

The inks or r espective kinds of ^ 
for fo rming the marklng 1ayer ^^^^ ^ 

The raw m * terials ef oxide were Compounded in ^ 
*> to provide the re5pectlve compositions of Tabie x 

tttiPOr ' Clly b3ked - 500 *° "OO-c, a» d Pul . e ,i„ d to 
- l » m or lower as the average ^ _ 

-11- The P u,v eri2ed powder was added wich varnish 

.IKya resin ot appropriaCe amount ^ ^ 

m A roll mil, to produce the . nk 
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The above .entioned ink was used to form ^ printed 
layer a«. of thickness being 2 ^ on ^ ^ ^ 

insulator 2. After drying , the glaze ^ ^ 

co*po,ition l, was sprayed OR the insulator 2 from fche 
5 s P r ay no , zle as iUustraCecl in F . g 4< dr . ed to ^ 

the coated l aye r M . of the glaze slurry having . coated 

thlCkfle5S ° f 3bOUC 100 ^ver.l ki nd S of the spark 

Pl«* 100 sho wn in rig. ! w ere produced by using the 

lnSUUC ° r 2 - The — r d ^-ter of Che thread 

cons isting of B.O.-stO.-B.o-LiO, glassy powder , 2t0j 
Powder, ca tbon black powder , ^ ^ 

Al po wder . Xhe electrical,, conceive giass seal layerfi 
16, 17 were made of the ftiXed powde , Consisting Qf 
- B^sio*-Ha £0 g l assy powder< cu powder> p# pQwder< 

Fe- B powder. The heating temperature tor the g ia SS 
— ling, i.e., t h e gia2e ba)cing temperatUre ^ ^ ^ 



900°C. 



*»• tint of the *ar* ing layer 2m Sfiea through ^ 
*0 oa.ed giaze lay „ 2d _ visuaiiy confirmed ^ visuaiiy 

COmPar?d With S — d ^or chip, , ade in accordance 
with JIS:Z8? . 21 by observation through a magnifying giass 

-in, a White li9ht , outc . so as fco -easur- brightness 
«d the chroma. Wich cespect to ^ 
» th. tint con«™ tlon , che reactive co, posicioriS o£ 
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the gl aze layer 2d foraed on the ^ ^ 

2 w ere .easuredby EPMA t„ addition, by the EPMAanalysis 

in the Cross sections. the co,p osltions oi the 

layer w ere an aly , ed . The above refiults ^ ^ ^ ^ 

1 (th« composition i. shown in cer WS of oxide). 
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Although the glaze layer Wdly p}? 
component an* the amo »nt of Zn component is relatively 
high, if the compositions of the M * ki n ff i. yer is adjusted , 
is seen that the tints of the bl ack gr o up of the 
* brightness and chroma b6ing bofch 3 or lower 

r..li«ed. In regard to the No a hav . ng t ^ 

layer in eeddl . h brown , th . ^ experiment ^ performed 

«iththo g l a2 eslu r ryo fthe9 uz ec o ffi posiclon 2 contai ning 
Pb, the results were brl,ht„... o f 3 and chrolna or 2 ^ 
10 the black w as presented without problem. 

The entire di sclosure o£ each and every fore . gn 
Patent appiication flroRl which the bfinef iz ^ 
Priority h as been ciairoed in th . application ^ 

1DCOrPOrated h6rein b ' a* i r fully set forth 

15 herein. 
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